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The study involving the use of coulter counter in studying 
the effects of Neomycin on E. col i , S. aureus and A. aerogenes 
was completed. The purpose of this was to establish proper 
technique for enumeration of cells per ml. It was found that 
the inhibitory effects on growth of E. col i and A. aerogenes , 
both gram negative organisms were directly related to the concen- 
tration of neomycin used. However, in case of S. aureus , a gram 
positive organism, a decreased inhibition was noted at higher con- 
centrations. A paper entitled, "Use of Coulter Counter in study- 
ing effect of drugs on cells in culture I. Effects of neomycin 
on E. coli , S. aureus and A. aerogenes " was published in "Phyton", 
34 (2), 13-16, 1976. A copy of this paper is attached in appen- 
dix I . 

Laboratory procedures were also established to study the 
effects of nucleoside antibiotic cordycepin on He La cell (SH-503, 
International Scientific Industries) grown in suspension cultures. 
Cordycepin was one of the first nucleoside antibiotic isolated 
from the mold C ordyceps mi 1 i tar is . It has also been isolated from 

Aspergillu s nidulus . Cordycepin is a structural analog of adeno- 
sine. It is a cytotoxic agent in which the sugar protions are 
pentose and cordycepose . The cells were grown as monolayer cul- 
tures on Eagle's Minimum Essential Medium. Once the cells had 
grown fairly thick as monolayer, tney were trysinized using 0.25 
per cent trypsin and transferred to the suspension (spinner) 


medium, which has the same composition as Eagle's medium except 
it does not contain calcium chloride but contains ten times the 
phosphates and also 0.1% of carboxy methyl cellulose was used 
to maintain the cells in suspension. Culture replicates containing 

20 ml of medium were used and incubated at 38°C. An initial cell 
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inoculum of 2.0 x 10 to 5 x 10 cells per ml as enumerated by the 
coulter counter was used. A total of 10 counts were made and 
counts averaged. The Coulter Counter duplicates itself very well, 
the difference in the coutns fell within a 5 per cent experimental 
error . 

The drug cordycepin is not readily soluble in water; therefore, 
it was dissolved in 0.2 ml of dimethyl-sulfoxide and then triple 
distilled water was used to make up the various concentrations 
used (1, 5, 10, 100, 200 and 500 ^jg/ml). In order to see, if 
dimethyl-sulfoxide affected cell growth, an amount equal to that 
contained inthe test flasks was added to the control flasks. It 
was found that this did not inhibit growth. 

The cultures were incubated for 5 days and counts were recorded 
every 24 hours. It was noted that cordycepin 100 ^iq/ml incorpor- 
ated at the start of the incubation period resulted in 76 per cent 
growth inhibition of cells for about 24 hours. It appears that 
exposure of cellsto cordycepin results in growth inhibition for 
about 24 hours, at which time cell division seems to resume. This 
indicates that the observed growth inhibition is cytostatic rather 
than cytocidal. There is a close structural similarity between 
cordycepin and deoxyadenosi ne . It is quite possible that cordycepin 


may compete with adenosine for phosphorylation to the active 
nucleotide level. The results of this study were presented at 
the Fourth Annual Xavier-Minor ity Biomedical Symposium in April 
1976. An abstract of the presentation is attached in Appendix 
II. Attempts were made to biotransform cordycepin by incubating 
it in cultures of Bacillus me gaterium (ATCC 13368), but were 
unsuccessful. However, incubation of cordycepin with B. subt il is 
brought about hydrolysis and the products were identified as 
adenine and cordycepose. 

Formycins, which are c-nucleosides were found to undergo dea- 
mination by purified adenosine deaminase, prepared from strepto- 
myces and aspergilli. Formycin was converted to formycin B and 
Oxoformycin B by Nocardia interforma . This has also been reported 
by O.K. Sebek in Advances in Applied Microbiology, 14, 123-146 
(1971) . 

Attempts to biotransform other nucleoside antibiotics were 
not successful. However, time did not permit to experiment with 
some ocher organisms, which may prove useful. 

Conclusion: The project provided exposure to three students 

involving the following: 

1. Basic microbiological techniques for preparation, filtra- 
tion and sterilization of media. 

2. Preparation fo glassware and apparatus for cell culture 


studies . 


* 


Use of Coulter Counter , multichannel analyzer and 

x-y plotter for determining frequency size distributions of 

cell suspensions. 

Analysing and reporting the data obtained. 

Basic physico-chemical techniques involving isolation 
of products from culture filtrates. 
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Use of Coulter Counter in studying effects of drugs on 
cells in culture I. Effects of neomycin on E. coli. 

S. ai'reus and A. aerogenes ' 

S. S. lamb* & D. I. Simpson •' 

Ahstr.sc i. — Tlit* application ul the* Coulter Counter to 
study antiniiiTitlii.il «■! It «. ts of drugs is relatively new. The- 
me thud measure* tin- resistance* o| a conducting solution as a 
I'.trliclc passrs t In • miuIi an aperture. Tire lechniiptc nsrd invol- 
ve* tin- counting ol suitably dilutnl samples ol mk-robial 
culture* at specific- time intervals using the Coulter Counter. 
Cluumcly/cr. anti Plotter in (left miming the rates ol microbial 
miuration under vary inn condition*. In this paper are reported 
some conclusive results of tin- elluts of the antibiotic uc-nmy- 
t in in concentrations ranging from I to 10.000 pc ml on the 
growth of / mil. S. aureus, and A. aero/pne*. Tin- inhibitory 
i IP its on growl 1 1 rates ol / mli and .A in ogem-v, Imtli gram 
negative organisms, wire directly related to the concentrations 

ol in ytfn used. However, in tase of S. aureus, a gram po- 

sitive organism, a decreased inhibition was noted at higher 
concentrations. 


Coulter Counters (I, 2. 3. -4) are being employed as a new ap- 
proacli in the study ol drugs and their effects on micriMirganisms. This 
vi rsatilc instrument affortls a new dimension lor making taster and 
more accurate total population counts ol sample organisms grown 
miller controlled conditions. 'Phis trchuiipie, as compared to the ton- 
Motional teclmiipie. offers many advantages, sue h as speed, accuracy 


1 Presented at the American Pharmaceutical Association and Aca- 
di my o| Pharmaceutical Sciences (Pharmacognosy and Natural Pro- 
ducts Section) mieting In Id in San l-'ruuciscn. California. April 10-24. 
1973. • This study was in part sup|mrtc-d by grants from the National 
Institute s ol Health and National Aeronautics and Space Administration. 
The authors are also indebted to Mrs if. II. Appleyard lor technical 
assistance. - School ol Pharmaty, Morula A k M I’niversity. Tallahassee, 
l-'lorida 32307, l .S. A. 
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anil simplicity. Tin* uitn.il cnuutini, is accomplished by a special system 
utilizing a n emirs manometer ami u|iertiire. This system is corniest! cl 
to a sat mini supply which siphons tin solution containing organisms 
through ail a|>crturc which interrupts what is known as a current path. 
Much organism represent* a resistance in the current |m(Ii ss hie h is 
sensed c lec Ironic alls when passing through the aperture. The tresis, 
tame is sensed a> an electrical pulse which is an input signal to an 
analog digital circuit which amplifies and converts each pulse into a 
digital representation displayed on a set o| digital readout nixie tubes. 
Coulter Countci is a convenient tool for the determination <•! total cell 
counts (5). 

Neomycin is an aminoglycoside antibiotic isolated Irom the 
Strciitomycex species. It is mostly dice live against gram negative orga- 
nisms. It is one <>| the most common!) used topical antibiotics. It has 
also l> en used as a standard to compare some ol the newer antibiotics 
such as kunumycin and gcutamyciu. It was. therefore, Iclt that addi- 
tional data obtained on the elicits ol neomycin on gram negative and 
gram |x native organisms using Conltci Counter wilt be useful. Such 
data will hopclully enable the pharmacokinetic ists to predict antibac- 
terial doses necessary tc: administer to maintain a desired minimum bio- 
logically active concentration. In this paper are reported some con- 
clusive results ol the elicits ol neomycin on the' growth ol I'.scherieliia 
1 1 li , \c mhui 1 1 r urrogr/ies and Sh/p/u/fococe us uureus, using the < 'oultei 
Counter technique. 

Kxi'MitMtATAi 61 Mi mems. — Test organisms — Microorganisms 
used in this study were /. colt, \ ICC25022, S. minus ( Bact-Che k 
Bl 170-7. Hoc he I .aboratories. New Mirk, VY.) and A c/e/ogenrv. 

< Bad -Click Hoe he laboratories, New York, N.Y.). Heplicatc broth 
solutions wen* seeded Irom stock samples. The stock cultures were* 
allowed to grow lor 2-4 hours beloiv sc ding ol the- test samples. 

Culture ineiliii. — Nutrient broth and Xntibiotic medium III ( Dilco 
l.ahoratonc s. Detroit, Michigan) wen- prepared according to the s|m - 
cilic atious ol the maniiiacturer, then filtered three times through 0.-45 
millipore litters and then autoclaved at 121 C lor 15 minutes. The pll 
ol the medium was adjusted to 7.00 * 0.1. 

Antibiotic. — \n assayed sample ol neomycin sultatc (Nutritional 
Biochemical Corporation) was used and will lie referred to here is 
neomycin. The neomycin solutions were sterilized using 0.22 n t\pe 
Swinny type millipore tillers prior to use 1 . 

Hactcritil cultures - Filty-ml. alicpiots ol culture medium was 
inoculated with 0.5 ml. ol tlu- stock organisms which were grown in 
an incubator with the temperature inaiutaini cl at 37.5 C. The samples 
were seeded with 1 x 10' organisms per sample. The samples were 


III) 


allowed to grow lit .1 (i'll |>< >| h ■ I iti- a ul I x Ml ml. \t tins stage tin' 
organisms were in tin- exponential phase ul Knmth anil the ilrut was 
incorporated. 

I Hi til count metlii.il. — Miipmts ul (1.2 ml. vxcrc withdrawn I mm 
rmli sample ami plat r. I into 20 ml. ul sterile 0.S5 < saline solution 
( ImiIuii [Scientific I'mchictsj ). This ililutiun allowed a salislatluiy 
concentration lur monitoring ul the growth. Total loimts were ri-turilril 
every Ml 4 % iiiinutrs until tin' c iHitrnl s.implrs rrai Iii-iI lln'ir stationary 
pliasr. 

I In' instiiimrut control settings were: a|>erturc c urrt'i it I 2. ampli- 
litatiun 2. gain H; matiliinu switch 00. lower thri'shuhl .5. «ip|M*r 
threshold, maximum, .uni a 50 I.iiuIhI.i maunneter with a ill miiTuii 
a|Mitiirr. The almvc nirutiunitl u|N'rutiuuul conditions were luimil to 
priMliitc the I test u suits without notitfahle iiitetiereuce Irian back- 
ground particles or eleitrital uoisc Irtan tin- equipment nsetl. The sa- 
line si liition was lilten-il three litre* through a 0 1") me mn niilll|»ore 
filter. I In solution was then counted to determine background level. 
\ niaxiniiim level o| 50 particles |ier sample was obtain' d. This lt.uk 
Until n< I level was insii'uil it ant when compared with the total counts 

Effect ■» of autihiotlc concentration on generation. — Fresh solu- 
tions of neomycin ware aseptic ally prepared lor eaelt senna ut ol this 
experiment. Ihe concent rat ions of neomycin used were 1. 10. 100. 500 
and 1.000 /cu ml. The above concentrations were added to replicate 
ol 50 ml samples ol the organisms which were maintained at T7.5 ( 
in the Constant-Temperature Shaker hath. The effect* ol various neo- 
mycin concentrations on mouth rate ol S. aureus. I m/i. and \ 
acroi’cncs were monitored by the total count method. 

Hl.sut.Ts & Discussion. — The rate of growth «>| a bacterial culttue 
at a given moment is directly pn portional to the nun. bar of cells pre- 
si ut at th.it moment. This relationship is given by the following 
conation: 

d\ 

k\ 

dt 

Integration <»| the above expression gives: 

X W k ' 

wheie No is the number of cells at time zero and \ is the number 
ul cells at am later time t, and k is growth constant. Solving the above 
expiation (or k give*: 

In <\/\o) 

k 

t 

I bus k represents the rate at w hic h (lie natural logarithm ol cell num- 
hor increases with time and can be determined as slopes graphically. 
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I.fftul of neomycin on ynncth rates - Hie clliili ol graded mm 
cent rat ion* o| neomytin imi tin growth ol /.'. mil, ,\. aeroycnen mill 
S. annus nrc shown in lignrts I, 2 ami 'V Sime (lie semilognritliiim 
plots wile « omplcteh lunar ami showed no lag phase in imliution 
period. in either words there was an ex|Niiietitiiilh growing inltnre, 
tin- follow inn equation mold In' applied: 

let 

log \ Ion No 

2.3m 

w in re \ nnniber o| organisms unit volume 
and No cell concentration at initi.d time. 



I'ii. I. Scmilngaritlimic plots o| / mil 'nil. against time by 
total i omits (( uniter) in the present e o| imliiated mmentra- 
lions ol neiimyt'in in mierngrams pi r milliliter. 
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I n. 2. Typical scinilogarithmic pints irf \ iunmt iu s growth 
l>\ total (mints in t lie presence ul indicated concentration* <>| 
m mini in in mien >grams per milliliter. 


In tin se circuit istames, am change in the net ra*e nl generation is 
characterized In the constant h which tan he assigned to the effect 
o| mom vein. This tan Ik- deduced In the change in slope ol the 
curves. From the slo|x* ol the linear portions generation constants 
K i|»i>.n< i.i wi n olit. lined. The apparent generation rate (iinslants i K <p- 

113 


# • 


> *• » 

s» 




o 



T IMl IN MINUTES 

Fl«.. 3. S< mhI< •s'.iritlunic- plots ol S rmrenv growth by total 
i omits in tlir picscnrc ol indii atcd (on< nitrations ol neomycin 
in iiiitTograins per milliliter. 


isioiit) wi re init i.illx lincarlv dependent oil ncomyiin concentrations. 
I lie ho and h >i>|mo nt values lor ncomyrin concentrations used arc 
shown in Tallin I, where ho represents slope lor the control mrves 
.Hid h llNMMlit. (he slo|>es lor the lienimi III nidi I curves. 

Till decreased generation rates observed in the presence ol neo- 
mycin concentrations used, where h'Plwrctil values were still jxtsi- 
live, must Ire doe to the inhibition ol generation rate. This has also 
Ih en rc|x>rted to be so lor tetracycline (ft), lincomycin ( I ), spcctino- 
inycinlT) and i rythrnmycin (S). Many workers i V). |0. II) have re- 
ported inhibition ol protein synthesis at low antibiotic concentrations. 
It is Irclicvcd that tin cultures inhibited by neomycin grow in ba- 
lanced growth and the rate o| cell division is pro|M>rtional to the total 
rale ol protein synthesis. 
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Tt>« Oropth Pat* Conatanta K„ ar.d k Apparent 
!« Mn ’ 1 fer Saonyeln AffaettO t. roll ■ 

> ^A»ro|»n«« An 1 3. Auraua In SroTVTn J7.9°C. 


Dru« ConcantratlonXi al* 1 

I. Coll <«10»> 

(lopa » Coll <«10 } ) 

0 

0.11 

12. T (K 0 > 

1 

9.07 

(.1 (K aprarant) 

10 

*.*8 

9.7 * 

100 

0.12 

1.8 

900 

Ml 

1.0 

1,000 

1.12 

2.1 

10,000 

i.n 

2.7 * 


». aaroaanaa 


0 

1. 10 

1.97 <*„> 

5 

1.09 

2.00 tK apparent) 

9" 

1.(0 

1.21 

900 

1.(0 

1.70 


3. auraua 


0 

0.(8 

8.17 (K 0 1 

1 

2.01 

2.97 (K apparent) 

10 

2.78 

2.11 

100 

2.9« 

1.90 

900 

1.09 

0.17 

• ,000 

MO 

1.9? 

10,000 

M0 

1.87 ■ 


From the data obtained it is <piitc apparent lliai the «*ff«*ct til 
neomycin (mi /.. roll and \ acrii^nir.s. both gram negative organism*, 
is directly related to the concentrations used. 

However, *he results obtained using S. uurms, a gram jxisitise 
organism, ware diiierent. In this case as the drug concentration in- 
creased, a decreased inhibition was noted and also little difference, 
il any, was shown b\ using high or low neomycin concentrations once 
the minimum inhibitory concentration was reached. This could !*• at- 
tributed to the (lift* rcnccs in cell structure of gram negative and gram 
positive organisms. Possibly at higher concentrations of neomycin the 
penetrability of the drug through the cell membrane is diminished 
which results in lesser inhibition. 
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NOTE: Please follow the form indicated for the abstract and proof read for 
rceuracy since the abstract will appear as you write it in the Proceedings. Do 
not include drawings or molecular figures. Write the TITLE OF THE PAPER in 
capitals. Write the authors' names, institution, city, state, and V ip Code. Under- 
line the shaker's name. Skip a one line space, then type your abstract in 
single-spaced, indented paragraphs. Include an acknowledgement of support as 
your last line if you wish, in the form: Sup|»orted by XXX Grant No. xx>>\. 


USE OF COULTER COUNTER IN STUDYING EFFECTS OF DRUGS ON 
CELLS IN CULTURES II. EFFECT OF CORDYCEPIN ON HE LA CELLS 

S.S. Lamba and B.H. Apple-yard, School of Pharmacy, Florida 
A & H University, Tallahassee, Florida 32307 

The application of coulter counter to study antimicrobial 
effects of drugs is now fairly well established. The tech- 
nique has proven very useful in obtaining data for kinetic 
interpretation of the effects of antimicrobial drugs, in 
the present study the technique has teen adapted to study 
the effects of cerdycepin, a nucleoside antibirtic on 
He La cells (SK-503, International Scientific ‘ justries). 

He La cells were incubated in the presence of cordycepin 

ntratlons ranging fro-:. t< H g/ml for 5 days*, 
was noted that cordycepin at 100}-4 g/ml incorporated* at the 
start of the incubation period resulted in 76 per cent 
growth inhibition of cells. The growth inhibition due to 
cordycepin is cytostatic rather than cytacidal. These results 
appear to be in agreement with other techniques, like colony 
formation in dilute agar used for determining cell viability. 

Supported by NASA: 10-7100-003 , NS0-2103 


